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(57) ABSTRACT

A semiconductor device includes a semiconductor layer, a
plurality of first doped regions, a gate structure, and second
and third doped regions. The semiconductor layer has a first
conductivity type. The first doped regions are in parallel
disposed in a portion of the semiconductor layer along a first
direction and have a second conductivity type and a rectan-
gular top view. The gate structure is disposed over a portion of
the semiconductor layer along a second direction, covering a
portion of the first doped regions. The second doped region is
disposed in the semiconductor layer along the second direc-
tion, being adjacent to a first side of the gate structure and
having the second conductivity type. The third doped region
is formed in the semiconductor layer along the second direc-
tion, being adjacent to a second side of the gate structure
opposing the first side and having the second conductivity

type.
20 Claims, 19 Drawing Sheets
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1
SEMICONDUCTOR DEVICE AND METHOD
FOR FABRICATING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to integrated circuit (IC)
devices, and particularly to a semiconductor device having a
super-junction structure and a method for fabricating the
same.

2. Description of the Related Art

Recently, as demand increases for high-voltage devices,
such as power semiconductor devices, there has been an
increasing interest in research for high-voltage metal-oxide-
semiconductor field effect transistors (HV MOSFET) applied
in high-voltage devices.

Among the various types of high voltage metal-oxide-
semiconductor field effect transistors, a super-junction struc-
ture is often used for reducing the on-resistance (Ron) and
maintaining high breakdown voltage.

However, with the ongoing trend of size reduction in semi-
conductor fabrication, the critical size of high-voltage MOS-
FETs in power semiconductor devices needs to be reduced
further. Thus, a reliable high voltage MOSFET in the power
semiconductor device having a reduced size is needed to meet
device performance requirements such as driving currents,
on-resistances, and breakdown voltages, as the needs and
trends in size reduction of power semiconductor devices con-
tinue.

BRIEF SUMMARY OF THE INVENTION

An exemplary semiconductor device comprises a semicon-
ductor layer, a plurality of first doped regions, a gate structure,
a second doped region, and a third doped region. The semi-
conductor layer has a first conductivity type. The first doped
regions are separately and in parallel disposed in a portion of
the semiconductor layer along a first direction and have a
second conductivity type opposite to the first conductivity
type and a rectangular top view. The gate structure is disposed
over a portion of the semiconductor layer along a second
direction, wherein the gate structure covers a portion of the
first doped regions. The second doped region is disposed in
the semiconductor layer along the second direction and is
adjacent to a first side of the gate structure, wherein the
second doped region has the second conductivity type. The
third doped region is formed in the semiconductor layer along
the second direction and is adjacent to a second side of the
gate structure opposing the first side, wherein the third doped
region has the second conductivity type.

An exemplary method for fabricating a semiconductor
device comprises the following steps: (a) providing a semi-
conductor layer, having a first conductivity type; (b) forming
an opening in a plurality of parallel and separated portions of
the semiconductor layer; (¢) forming a first doped region in a
portion of the semiconductor layer adjacent to a side of the
opening; (d) forming an insulating layer or a doped material
layer in the opening, wherein the doped material layer has a
second conductivity type opposite to the first conductivity
type; (e) forming a gate structure over a portion of the semi-
conductor layer, wherein the gate structure extends over the
semiconductor layer along a second direction perpendicular
to the first direction; and (f) forming a second doped region in
a portion of the semiconductor layer at a first side of the gate
structure, and a third doped region in a portion of the semi-
conductor layer at a second side opposite to the first side of the
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2

gate structure, wherein the second doped region and the third
doped region have the second conductivity type.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
subsequent detailed description and examples with refer-
ences made to the accompanying drawings, wherein:

FIG. 1 is a schematic perspective view of a semiconductor
device according to an embodiment of the invention;

FIG. 2 is a schematic cross-sectional view showing a cross
section along the line 2-2 in FIG. 1;

FIGS. 3, 5, 8, and 11 are schematic top views showing a
method for fabricating a semiconductor device according to
an embodiment of the invention;

FIG. 4 is a schematic cross-sectional view showing a cross
section along the line 4-4 in FIG. 3;

FIG. 6 is a schematic cross-sectional view showing a cross
section along the line 6-6 in FIG. 5;

FIG. 7 is a schematic cross-sectional view showing a cross
section along the line 7-7 in FIG. 5;

FIG. 9 is a schematic cross-sectional view showing a cross
section along the line 9-9 in FIG. 8;

FIG. 10 is a schematic cross-sectional view showing a
cross section along the line 10-10 in FIG. 8;

FIG. 12 is a schematic cross-sectional view showing a
cross section along the line 12-12 in FIG. 11;

FIG. 13 is a schematic perspective view of the semicon-
ductor device shown in FIGS. 11-12;

FIGS. 14 and 17 are schematic top views showing a method
for fabricating a semiconductor device according to another
embodiment of the invention;

FIG. 15 is a schematic cross-sectional view showing a
cross section along the line 15-15 in FIG. 14;

FIG. 16 is a schematic cross-sectional view showing a
cross section along the line 16-16 in FIG. 14;

FIG. 18 is a schematic cross-sectional view showing a
cross section along the line 18-18 in FIG. 17,

FIG. 19 is a schematic perspective view of the semicon-
ductor device shown in FIGS. 17-18;

FIG. 20 is a schematic perspective view of the semicon-
ductor device according to an embodiment of the invention;

FIG. 21 is a schematic perspective view of the semicon-
ductor device according to another embodiment of the inven-
tion;

FIGS. 22, 24, 27, and 30 are schematic top views showing
amethod for fabricating a semiconductor device according to
yet another embodiment of the invention;

FIG. 23 is a schematic cross-sectional view showing a
cross section along the line 23-23 in FIG. 22;

FIG. 25 is a schematic cross-sectional view
cross section along the line 25-25 in FIG. 24;

FIG. 26 is a schematic cross-sectional view
cross section along the line 26-26 in FIG. 24;

FIG. 28 is a schematic cross-sectional view
cross section along the line 28-28 in FIG. 27,

FIG. 29 is a schematic cross-sectional view
cross section along the line 29-29 in FIG. 27,

FIG. 31 is a schematic cross-sectional view
cross section along the line 31-31 in FIG. 30;

FIG. 32 is a schematic perspective view of the semicon-
ductor device shown in FIGS. 30-31;

showing a
showing a
showing a
showing a

showing a
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FIG. 33 is a schematic perspective view of the semicon-
ductor device according to another embodiment of the inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

The following description is of the best-contemplated
mode of carrying out the invention. This description is made
for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

FIG. 1 is a schematic perspective view showing an exem-
plary semiconductor device 10 having a lateral super-junction
structure.

Herein, the semiconductor device 10 is a comparative
embodiment and is illustrated as a metal-oxide-semiconduc-
tor field effect transistor (MOSFET) configuration to discuss
issues such as the driving-current reduction that takes place as
the size of the semiconductor device 10 is reduced. However,
the scope of the semiconductor device of the invention is not
limited by the illustrated semiconductor device 10 and may
have other configurations.

As shown in FIG. 1, the semiconductor device 10 com-
prises a semiconductor-on-insulator (SOI) substrate 12, and
the SOI substrate 12 comprises a bulk semiconductor layer
14, and a buried insulating layer 16 and a semiconductor layer
18 sequentially formed over the bulk semiconductor layer 14.
The bulk semiconductor layer 14 and the semiconductor layer
18 may comprise semiconductor materials such as silicon.
The buried insulating layer 16 may comprise insulating mate-
rials such as silicon dioxide. The semiconductor layer 18 may
comprise dopants of a first conductivity type, such as P-type.
In the semiconductor device 10, a super junction structure 20
is formed in a portion of the semiconductor layer 18, com-
prising a plurality of adjacent doped regions 22 and 24 which
are laterally and alternately disposed. The doped regions 24
are a portion of the semiconductor layer 18 that have the same
conductive type of the semiconductor layer 18. The doped
regions 22 are doped regions comprising dopants of a second
conductivity type opposite to the first conductivity type, such
as N-type, and can be formed in various portions of the
semiconductor layer 18 by, for example, an ion implantation
process. The doped regions 22 may function as a drift region
of the semiconductor device 10. In addition, a gate structure
26 is formed over a portion of the semiconductor layer 18, and
two adjacent doped regions 28 and 34, and a doped region 30
are formed in a portion of the semiconductor layer 18 at
opposite sides of the gate structure 26. The doped region 34 is
a doped region having the first conductivity type of the semi-
conductor layer 18, and the doped regions 28 and 30 are
doped regions having the second conductivity type opposite
to the first conductivity type of the semiconductor layer 18 for
functioning as source and drain regions, respectively. The
gate structure 26 extends over a portion of the semiconductor
layer 18 along the Y direction in FIG. 1 and partially covers
the doped regions 22 and 24 of the super-junction structure
20. The doped region 30 is disposed in a portion of the doped
regions 22 and 24 and is surrounded by the doped regions 22
and 24. The doped regions 28 and 34 are disposed in a well
region 32 and are surrounded by the well region 32. The well
region 32 is a portion of the semiconductor layer 18 adjacent
to the doped regions 28 and 34 and is partially covered by the
gate structure 26. The well region 32 comprises dopants of the
first conductivity type of the semiconductor layer 18, and a
bottom portion thereof contacts the top portion of the buried
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4

insulating layer 16. The doped regions 28 and 34 in the well
region 32 are surrounded by the well region 32.

In FIG. 2, a schematic cross-sectional view along the line
2-2in FIG. 1 is illustrated. As shown in FIG. 2, due to the use
of the super-junction structure 20 formed by the doped
regions 22 and 24 which are alternately disposed, the semi-
conductor device 10 is thus suitable for high-voltage opera-
tion applications such as power semiconductor devices.

However, the doped regions 22 are formed by performing
ion implantation and diffusion processes to various portions
of the semiconductor layer 18. Thus, as the size of the semi-
conductor device 10 is reduced, the device size such as the
surface area of the semiconductor device 10 will also be
reduced, such that the area for forming the doped regions 22
will be also reduced. Due to driving currents of the semicon-
ductor device 10 being in proportion to the sum of the cross-
sectional area of the doped regions 22 in the semiconductor
layer 18, reduction of the area for forming the doped regions
22 may also reduce the driving currents and increase the
on-resistance of the semiconductor device 10. Thus, the sur-
face area of the doped regions 22 needs to be increased to
maintain or improve the driving currents of the semiconduc-
tor device 10, which is variant of the size reduction of the
semiconductor device 10.

Thus, an improved semiconductor device having a super-
junction structure and a method for fabricating the same are
provided to maintain or improve driving currents of the semi-
conductor device, and maintain or reduce the on-resistance of
the semiconductor device as the size thereof is further
reduced.

FIGS. 3-13 are schematic diagrams showing an exemplary
method for fabricating a semiconductor device, wherein
FIGS. 3, 5, 8, and 11 are schematic top views, and FIGS. 4,
6-7,9-10, and 12 are schematic cross-sectional views along
predetermined lines in FIGS. 3, 5, 8, and 11, respectively, and
FIG. 13 is a schematic perspective view showing the semi-
conductor device in FIGS. 11-12, thereby showing fabrica-
tions in intermediate steps in the method for fabricating the
semiconductor device.

In FIGS. 3-4, a semiconductor substrate 102 is provided
first. FIG. 3 shows a schematic top view of the semiconductor
substrate 102, and FIG. 4 is a schematic cross sectional view
along the line 4-4 in FIG. 3.

As shown in FIG. 4, the semiconductor substrate 102 is, for
example, a semiconductor-on-insulator (SOI) substrate. The
semiconductor substrate 102 comprises a bulk semiconductor
layer 104, and a buried insulating layer 106 and a semicon-
ductor layer 108 sequentially over the bulk semiconductor
layer 104. The bulk semiconductor layer 104 and the semi-
conductor layer 108 may comprise semiconductor materials
such as silicon. The buried insulating layer 106 may comprise
insulating materials such as silicon dioxide. The semiconduc-
tor layer 108 may comprise dopants of a first conductivity
type such as P-type or N-type.

As shown in FIGS. 5-7, a plurality of parallel and separated
openings 112/116 are next formed in the semiconductor layer
108. These openings 112/116 respectively expose a portion of
the buried insulating layer 106. FIG. 5 shows a schematic top
view of the semiconductor substrate 102 having the openings
112/116, and FIGS. 6-7 are schematic cross-sectional views
along the lines 6-6 and 7-7 in FIG. 5, respectively.

As shown in FIG. 5-6, a patterned mask layer 110 is formed
over the semiconductor layer 108, and the patterned mask
layer 110 is formed with a plurality of parallel and separated
openings 112 therein. The openings 112 extend along the X
direction in FIG. 5 and respectively expose a portion of the
semiconductor layer 108. The patterned mask layer 110 may
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comprise materials such as photoresist, such that the openings
112 can be formed in the patterned mask layer 110 by pro-
cesses such as photolithography and etching (not shown)
incorporating with a suitable photomask (not shown). Next,
an etching process (not shown) is performed to remove the
portion ofthe semiconductor layer 108 exposed by each of the
openings 112, using the patterned mask layer 110 as an etch-
ing mask, thereby transferring the pattern of the openings 112
into the semiconductor layer 108 and forming a plurality
openings 116 having a pattern the same as that of the openings
112. Each of the openings 116 exposes a portion of the under-
lying buried insulating layer 106.

Next, an ion implantation process 114 is performed, using
the patterned mask layer 110 as an implant mask, to implant
dopants (not shown) having a second conductivity type oppo-
site to the first conductivity type of the semiconductor layer
108 into a portion of the semiconductor layer 108 covered by
the patterned mask layer 110 adjacent to a side (e.g a right side
oraleft side, but shown here as the right side in FIG. 6) of each
of the openings 106 along the X direction. In one embodi-
ment, the ion implantation process 114 can be, for example, a
tilt-angle implantation process using an incident angle o and
an implant energy (not shown). The incident angle and the
implant energy used in the ion implantation process 114 can
be adjusted according to the thickness of the semiconductor
layer 108 to thereby implant dopants with a desired concen-
tration into the semiconductor layer 108. In addition, as
shown in FIG. 7, a portion of the semiconductor layer 108
between the adjacent openings 116 is protected by the pat-
terned mask layer 110 and is not implanted by the dopants
having the second conductivity type in the ion implantation
process 114, thereby still having the first conductivity type.

Referring to FIGS. 8-10, a doped region 118 is next formed
in a portion ofthe semiconductor layer 108 adjacent to each of
the openings 116 (illustrated as a portion at the right side of
each of the openings 116), and an insulating layer 120 is then
formed in each of the openings 116. FIG. 8 is a schematic top
view showing the semiconductor layer 108 having a plurality
of' doped region 118 and the insulating layers 120 therein, and
FIGS. 9-10 are schematic cross-sectional views along lines
9-9 and 10-10 in FIG. 8, respectively.

As shown in FIGS. 8-9, after removal of the patterned mask
layer 110 formed over the semiconductor layer 108 shown in
FIGS. 5-7, athermal diffusion process (not shown) such as an
annealing process is then performed to diffuse the dopants
previously implanted in the portion of the semiconductor
layer 108 covered by the patterned mask layer 110 and being
adjacent to a side (e.g. the right side) of each of the openings
106 along the X direction in FIG. 5 into a doped region 118,
and the doped region 118 has the second conductivity type
opposite to the first conductivity type of the semiconductor
layer 108. As shown in FIG. 8, the doped region 118 is
substantially formed in a portion of the semiconductor layer
108 adjacent to a side (e.g. the right side) of each of the
openings 116 and has a substantially rectangular configura-
tion from a top view. Next, an insulating material (not shown)
such as oxide or nitride is formed over the semiconductor
layer 108 by a process such as deposition or spin-coating (not
shown) and fills the openings 116. A planarization process
(not shown) such as a chemical mechanical polishing (CMP)
process or an etching back process is performed next to
remove the insulating material over the surface of the semi-
conductor layer 108, thereby forming an insulating layer 120
in each of the openings 116. In one embodiment, atop surface
of the insulating layer 120 and a top surface of the semicon-
ductor layer 108 are substantially coplanar. Moreover, as
shown in FIG. 10, a cross-sectional view of the doped region

20

25

40

45

50

55

6

118 disposed in a portion of the semiconductor layer 108
adjacent to a side (e.g. the right side) of the opening 106 is
illustrated.

Referring to FIGS. 11-13, a gate structure G is next formed
over the semiconductor layer 108, and doped regions 124 and
126 are formed in a portion of the semiconductor layer 108 at
a side of the gate structure G, and a doped region 122 is
formed in a portion of the semiconductor layer 108 at another
side of the gate structure G. FIG. 11 is a schematic top view,
and FIGS. 12-13 are schematic cross-sectional views along
lines 12-12 and 13-13 in FIG. 11, respectively.

As shown in FIG. 11, the gate structure G and the doped
regions 122, 124, and 126 are formed over or in the semicon-
ductor layer 108 along the Y direction perpendicular to the X
direction in FIG. 11. The gate structure G partially covers the
semiconductor layer 108, and the doped regions 124 and 126
are formed in a portion of the semiconductor layer 108 at a
side adjacent to the gate structure G. The doped region 122 is
formed in a portion of the semiconductor layer 108 at another
side of the gate structure G, and is also disposed over a portion
of'the doped region 118, as shown in FIG. 12. In addition, as
shown in FIG. 12, the gate structure G comprises a gate
dielectric layer 140 and a gate electrode layer 142 sequen-
tially formed over the semiconductor layer 108.

Herein, fabrication of the gate dielectric layer 140 and the
gate electrode layer 142 of the gate structure G and the doped
regions 122, 124, and 126 shown in FIGS. 11-12 can be
formed by conventional high-voltage MOS processes, and the
gate dielectric layer 140 and the gate electrode layer 142 may
comprise materials used in conventional HV MOSFETs, such
that materials and fabrications thereof are not described here,
and the doped regions 122 and 124 comprising dopants hav-
ing the second conductivity type opposite to the first conduc-
tivity type of the semiconductor layer 108 may function as
source/drain regions, and the doped region 126 may comprise
dopants of the first conductivity type of the semiconductor
layer 108. The portion of the semiconductor layer 108 cov-
ering the doped regions 124 and 126 may function as a well
region of the first conductivity type. FIG. 13 is a schematic
perspective view of the semiconductor device shown in FIGS.
11-12.

Therefore, fabrication of a semiconductor device 300 is
substantially completed, and the semiconductor device 300 is
a MOS transistor comprising a super-junction structure 330.
The super junction structure 330 is composed of a plurality of
separated doped regions 118 having a substantially rectangu-
lar configuration and a portion of the semiconductor layer 108
adjacent thereto. The doped regions 118 having the second
conductivity type may function as a drift-region of the semi-
conductor device 300, such that the semiconductor device
300 can sustain a high breakdown voltage.

In one embodiment, as the semiconductor layer 108 of the
semiconductor device 300 shown in FIGS. 11-13 has the first
conductivity type such as P-type, and dopants in the doped
regions having the second conductivity type are N-type
dopants, the semiconductor device 300 formed is a PMOS
transistor. Alternatively, in another embodiment, as the semi-
conductor layer 108 of the semiconductor device 300 shown
in FIGS. 11-13 have the first conductivity type such as
N-type, and dopants in the doped regions having the second
conductivity type are P-type dopants, the formed semicon-
ductor device 300 is a NMOS transistor.

When compared with the semiconductor device 10 shown
in FIGS. 1-2, thicknesses of the semiconductor layer 108 and
the doped regions 118 formed therein can be further increased
or reduced in the semiconductor device 300 shown in FIGS.
11-13 depending on designs such as driving currents, on-
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resistances and breakdown voltages. Therefore, due to the
formation of the semiconductor layer 108 and the doped
regions 118 therein, without increasing the surface area of the
separated doped regions 118 in the super junction structure
330 of'the semiconductor device 300, thicknesses of the semi-
conductor layer 108 and the doping regions 118 are increased
to increase the sum of the cross section of the doped regions
118 in the semiconductor layer 108, thereby increasing driv-
ing currents and reducing on-resistance of the semiconductor
device 300. In addition, a deep trench isolation (not shown)
may be formed in the semiconductor layer (e.g. the semicon-
ductor layer 108) of the semiconductor device 300 to sur-
round the same. The deep trench isolation penetrates a portion
of the semiconductor layer 108, and is made of insulating
materials such as silicon dioxide that contacts the buried
insulating layer 106. Due to the formation of the deep trench
isolation, noises affecting the semiconductor device 300 can
be reduced and a latch-up effect in the semiconductor device
300 is thus prevented.

FIGS. 14-19 are schematic diagrams showing another
exemplary method for fabricating a semiconductor device,
wherein FIGS. 14 and 17 are schematic top views, and FIGS.
15-16 and 18 are schematic cross sectional views along pre-
determined lines in FIGS. 14 and 17, respectively, and FIG.
19 is a schematic perspective view of the structure shown in
FIGS. 17-18, thereby showing fabrications in intermediate
steps in the method for fabricating the semiconductor device.
Herein, the exemplary method shown in FIGS. 14-19 is modi-
fied from the exemplary method shown in FIGS. 3-13. For the
purpose of simplicity, the same numeral references represent
the same components, and only differences between these
two exemplary methods are described in the following.

According to fabrications shown in FIGS. 3-7 and descrip-
tions related thereto, the structures shown in FIGS. 5-7 (not
shown here) are first provided. Referring to FIGS. 14-16, a
doped region 118 is next formed in a portion of the semicon-
ductor layer 108 adjacent to each of the openings 116 (illus-
trated as a portion at the right side of each of the openings
116), and a doped material layer 150 is formed in each of the
openings 116. FIG. 14 is a schematic top view showing the
semiconductor layer 108 having a plurality of doped regions
118 and the doped material layers 150 therein, and FIGS.
15-16 are schematic cross-sectional views along lines 15-15
and 16-16 in FIG. 14, respectively.

As shown in FIGS. 14-15, after removal of the patterned
mask layer 110 formed over the semiconductor layer 108
shown in FIGS. 5-7, a thermal diffusion process (not shown)
such as an annealing process is then performed to diffuse the
dopants previously implanted in the portion of the semicon-
ductor layer 108 covered by the patterned mask layer 110 and
being adjacent to a side (e.g. the right side) of each of the
openings 106 along the X direction in FIG. 5 into a doped
region 118, and the doped region 118 has the second conduc-
tivity type opposite to the first conductivity type of the semi-
conductor layer 108. As shown in FIG. 14, the doped region
118 is substantially formed in a portion of the semiconductor
layer 108 adjacent to a side (e.g. the right side) of each of the
openings 116 and has a substantially rectangular configura-
tion from the top view. Next, a doped material (not shown)
such as doped polysilicon and doped silicon doped with
dopants of a second conductivity type is formed over the
semiconductor layer 108 by a process such as deposition or
epitaxial growth (not shown) and fills the openings 116. A
planarization process (not shown) such as a chemical
mechanical polishing (CMP) process or an etching back pro-
cess is next performed to remove the doped material over the
surface of the semiconductor layer 108, thereby forming a
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doped material layer 150 in each of the openings 116. In one
embodiment, a top surface of the doped material layer 150
and a top surface of the semiconductor layer 108 are substan-
tially coplanar, and the doped material layer 150 can be in-situ
doped with the dopants having the second conductivity type
during the formation thereof. Moreover, as shown in FIG. 16,
a cross-sectional view of the doped region 118 disposed in a
portion of the semiconductor layer 108 adjacent to a side (e.g.
the right side) of the opening 106 is illustrated.

Referring to FIGS. 17-19, a gate structure G is next formed
over the semiconductor layer 108, and doped regions 124 and
126 are formed in a portion of the semiconductor layer 108 at
a side of the gate structure G, and a doped region 122 is
formed in a portion of the semiconductor layer 108 at another
side of the gate structure G. FIG. 17 is a schematic top view,
and FIG. 18 is a schematic cross-sectional view along line
18-18 and in FIG. 19, and FIG. 19 is a schematic perspective
diagram showing the structure shown in FIGS. 17-18.

As shown in FIG. 17, the gate structure G and the doped
regions 122, 124, and 126 are formed over or in the semicon-
ductor layer 108 along the Y direction perpendicular to the X
direction in FIG. 11. The gate structure G partially covers the
semiconductor layer 108, and the doped regions 124 and 126
are formed in a portion of the semiconductor layer 108 at a
side (e.g. the left side) adjacent to the gate structure G. The
doped region 122 is formed in a portion of the semiconductor
layer 108 at another side (e.g. the right side) of the gate
structure G, and is also disposed over a portion of the doped
region 118, as shown in FIG. 18. In addition, as shown in FI1G.
18, the gate structure G comprises a gate dielectric layer 140
and a gate electrode layer 142 sequentially formed over the
semiconductor layer 108.

Herein, fabrication of the gate dielectric layer 140 and the
gate electrode layer 142 of the gate structure G and the doped
regions 122, 124, and 126 shown in FIGS. 17-18 can be
formed by conventional high-voltage MOS processes, and the
gate dielectric layer 140 and the gate electrode layer 142 may
comprise materials used in conventional HV MOSFETs, such
that materials and fabrications thereof are not described here,
and the doped regions 122 and 124 comprising dopants hav-
ing the second conductivity type opposite to the first conduc-
tivity type of the semiconductor layer 108 may function as
source/drain regions, and the doped region 126 may comprise
dopants of the first conductivity type of the semiconductor
layer 108. The portion of the semiconductor layer 108 cov-
ering the doped regions 124 and 126 may function as a well
region of the first conductivity type. FIG. 19 is a schematic
perspective view of the semiconductor device shown in FIGS.
17-18.

Therefore, fabrication of another exemplary semiconduc-
tor device 300" is substantially completed, and the semicon-
ductor device 300" is a MOS transistor comprising a super-
junction structure 330. The super-junction structure 330 is
composed of a plurality of separated composite doped
regions 310 composed of the doped regions 118 having a
substantially rectangular configuration and the doped mate-
rial layers 150 adjacent thereto, and a plurality of separated
doped regions 320 composed of a portion of the semiconduc-
tor layer 108 adjacent to the composite doped regions 310.
The composite doped regions 310 having the second conduc-
tivity type composed of the doped regions 118 with substan-
tially rectangular configurations and the doped material lay-
ers 150 adjacent thereto may function as a drift-region of the
semiconductor device 300", such that the semiconductor
device 300' can sustain a high breakdown voltage.

In one embodiment, as the semiconductor layer 108 of the
semiconductor device 300' shown in FIGS. 17-19 has the first



US 9,324,786 B2

9

conductivity type such as P-type, and dopants in the doped
regions having the second conductivity type are N-type
dopants, the semiconductor device 300' formed is a PMOS
transistor. Alternatively, in another embodiment, as the semi-
conductor layer 108 of the semiconductor device 300' shown
in FIGS. 17-19 have the first conductivity type such as
N-type, and dopants in the doped regions having the second
conductivity type are P-type dopants, the formed semicon-
ductor device 300" is a NMOS transistor.

When compared with the semiconductor device 10 shown
in FIGS. 1-2, thicknesses of the semiconductor layer 108 and
the composited doped regions 310 formed therein can be
further increased or reduced in the semiconductor device 300'
shown in FIGS. 17-19 depending on designs such as driving
currents, on-resistances and breakdown voltages. Therefore,
due to the formation of the semiconductor layer 108 and the
composite doped regions 310 therein, without increasing the
surface area of the separated composite doped regions 310 in
the super-junction structures 330 of the semiconductor device
300", thicknesses of the semiconductor layer 108, and the
doped regions 118 and doped material layers 150 formed in
the semiconductor layer 108 are increased to increase the sum
of'the cross section of the composite doped regions 310 in the
semiconductor layer 108, thereby increasing driving currents
and reducing on-resistance of the semiconductor device 300'.
In addition, a deep trench isolation (not shown) may be
formed in the semiconductor layer (e.g. the semiconductor
layer 108) of the semiconductor device 300 to surround the
same. The deep trench isolation penetrates a portion of the
semiconductor layer 108, and is made of insulating materials
such as silicon dioxide that contacts the buried insulating
layer 106. Due to the formation of the deep trench isolation,
noises affecting the semiconductor device 300' can be
reduced and a latch-up effect in the semiconductor device
300' is thus prevented.

Referring to FIGS. 20-21, schematic diagrams showing
other exemplary semiconductor devices are illustrated. FIGS.
20-21 respectively illustrate semiconductor devices 300" and
300" which are obtained by modifying the semiconductor
devices 300 and 300' shown in FIGS. 13 and 19. As shown in
FIGS. 20 and 21, the semiconductor devices 300" and 300™
are formed over a bulk semiconductor substrate, and the bulk
semiconductor substrate is provided as a semiconductor layer
108', but not the SOI substrate 102 shown in FIGS. 13 and 19.
The other components shown in FIGS. 20 and 21 are the same
as that shown in FIGS. 13 and 19, and can be formed by the
methods shown in FIGS. 3-13 and 14-19, but are not
described again here. In these exemplary semiconductor
devices, the doped region 118, the insulating layer 120 and
the doped material layer 150 are merely formed in a portion of
the semiconductor layer 108', and a portion of the semicon-
ductor layer 108' surrounding the doped regions 124 and 126
may function as a well region having the first conductivity
type. The semiconductor devices 300" and 300" shown in
FIGS. 20-21 may have the same performance as the semicon-
ductor devices 300 and 300' shown in FIGS. 13 and 19.

FIGS. 22-32 are schematic diagrams showing another
exemplary method for fabricating a semiconductor device,
wherein FIGS. 22,24, 27 and 30 are schematic top views, and
FIGS. 23, 25-26, 28-29 and 31 are schematic cross-sectional
views along predetermined lines in FIGS. 22, 24, 27 and 30,
respectively, and FIG. 32 is a schematic perspective view of
the structure shown in FIGS. 30-31, thereby showing fabri-
cations in intermediate steps in the method for fabricating the
semiconductor device. Herein, the exemplary method shown
in FIGS. 22-32 is modified from the exemplary method
shown in FIGS. 3-13 and is different from the method shown
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in FIGS. 3-13. In the method for fabricating a semiconductor
device shown in FIGS. 22-32, the insulating layer 120 and the
doped region 180 are fabricated after formation of the gate
structure G. However, for the purpose of simplicity, the same
numeral references in FIGS. 22-32 represent the same com-
ponents in FIGS. 3-13, and only differences between these
two exemplary methods are described in the following.

Referring to FIGS. 22-23, a semiconductor substrate 102 is
first provided, and a gate structure G is then formed over the
semiconductor substrate 102. FIG. 22 shows a schematic top
view of the semiconductor substrate 102, and FIG. 23 shows
a schematic cross-sectional view along lone 23-23 in FIG. 22.

As shown in FIG. 22, the semiconductor substrate 102 is,
for example, a semiconductor-on-insulator (SOI) substrate.
The semiconductor substrate 102 comprises a bulk semicon-
ductor layer 104, and a buried insulating layer 106 and a
semiconductor layer 108 sequentially over the bulk semicon-
ductor layer 104. The bulk semiconductor layer 104 and the
semiconductor layer 108 may comprise semiconductor mate-
rials such as silicon. The buried insulating layer 106 may
comprise insulating materials such as silicon dioxide. The
semiconductor layer 108 may comprise dopants of a first
conductivity type such as P-type or N-type. The gate structure
G extends over a portion of the semiconductor device 108
along the Y direction perpendicular to the X direction in FIG.
22. In addition, as shown in FIG. 23, the gate structure G
comprises a gate dielectric layer 140 and a gate electrode
layer 142 sequentially formed over the semiconductor layer
108. Herein, fabrication of the gate dielectric layer 140 and
the gate electrode layer 142 of the gate structure G shown in
FIGS. 22-23 can be formed by conventional high voltage
MOS processes, and the gate dielectric layer 140 and the gate
electrode layer 142 may comprise materials used in conven-
tional HV MOSFETs, and the materials and fabrications
thereof are not described here.

Referring to FIGS. 24-26, a plurality of parallel and sepa-
rated openings 112'/116' are next formed in the semiconduc-
tor layer 108. These openings 112'/116' respectively expose a
portion of the buried insulating layer 106 adjacent to the gate
structure G. FIG. 24 shows a schematic top view of the semi-
conductor substrate 102 having the openings 112'/116', and
FIGS. 25-26 are schematic cross-sectional views along the
lines 25-25 and 26-26 in FIG. 24, respectively.

As shown in FIG. 24-25, a patterned mask layer 110" is
formed over the semiconductor layer 108 and gate structure
G, and the patterned mask layer 110" is formed with a plurality
of'parallel and separated openings 112' therein. The openings
112" extend along the X direction in FIG. 24 and respectively
expose a portion of the semiconductor layer 108 adjacent to
the gate structure G. The patterned mask layer 110' may
comprise materials such as photoresist, such that the openings
112' can be formed in the patterned mask layer 110' by pro-
cesses such as photolithography and etching (not shown)
incorporating a suitable photomask (not shown). Next, an
etching process (not shown) is performed to remove the por-
tion of the semiconductor layer 108 exposed by each of the
openings 112', using the patterned mask layer 110" as an
etching mask, thereby transferring the pattern of the openings
112" into the semiconductor layer 108 and forming a plurality
of openings 116' having a pattern the same as that of the
openings 112'. Each of the openings 116' exposes a portion of
the underlying buried insulating layer 106.

Next, an ion implantation process 114' is performed, using
the patterned mask layer 110" as an implant mask, to implant
dopants (not shown) having a second conductivity type oppo-
site to the first conductivity type of the semiconductor layer
108 into a portion of the semiconductor layer 108 covered by
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the patterned mask layer 110" adjacent to a side (e.g. the right
side) of each ofthe openings 116' along the X direction. Inone
embodiment, the ion implantation process 114' can be, for
example, a tilt-angle implantation process using an incident
angle o and an implant energy (not shown). The incident
angle and the implant energy used in the ion implantation
process 114' can be adjusted according to the thickness of the
semiconductor layer 108 to thereby implant dopants with a
desired concentration into the semiconductor layer 108. In
addition, as shown in FIG. 26, a portion of the semiconductor
layer 108 adjacent to the adjacent openings 116' is protected
by the patterned mask layer 110' and is not implanted by the
dopants having the second conductivity type in the ion
implantation process 114', thereby still having the first con-
ductivity type.

Referring to FIGS. 27-29, a doped region 118 is next
formed in a portion of the semiconductor layer 108 adjacent
to each of the openings 116' (illustrated as a portion at the
right side of each of the openings 116), and an insulating layer
120 is then formed in each of the openings 116'. FIG. 27 is a
schematic top view showing the semiconductor layer 108
having a plurality of doped regions 118 and the insulating
layers 120 therein, and FIGS. 28-29 are schematic cross-
sectional views along lines 28-28 and 29-29 in FIG. 27,
respectively.

As shown in FIGS. 27-28, after removal of the patterned
mask layer 110" formed over the semiconductor layer 108
shown in FIGS. 24-26, a thermal diffusion process (not
shown) such as an annealing process is then performed to
diffuse the dopants previously implanted in the portion of the
semiconductor layer 108 covered by the patterned mask layer
110" and being adjacent to a side (e.g. the right side) of each
of the openings 116' along the X direction in FIG. 24 into a
doped region 118, and the doped region 118 has the second
conductivity type opposite to the first conductivity type of the
semiconductor layer 108. As shown in FIG. 27, the doped
region 118 is substantially formed in a portion of the semi-
conductor layer 108 adjacent to a side (e.g. the right side) of
each of the openings 116' and has a substantially rectangular
configuration from the top view. Next, an insulating material
(not shown) such as oxide or nitride is formed over the semi-
conductor layer 108 by a process such as deposition or spin-
coating (not shown) and fills the openings 116'. A planariza-
tion process (not shown) such as a chemical mechanical
polishing (CMP) process or an etching back process is next
performed to remove the insulating material over the surface
of'the semiconductor layer 108, thereby forming an insulating
layer 120 in each of the openings 116'. In one embodiment, a
top surface of the insulating layer 120 and a top surface of the
semiconductor layer 108 are substantially coplanar. More-
over, as shown in FIG. 29, a cross-sectional view of the doped
region 118 disposed in a portion of the semiconductor layer
108 adjacent to a side (e.g. the right side) of the opening 116'
is illustrated.

Referring to FIGS. 30-33, doped regions 124 and 126 are
next formed in a portion of the semiconductor layer 108 at a
side of the gate structure G, and a doped region 122 is formed
in a portion of the semiconductor layer 108 at another side of
the gate structure G. FIG. 30 is a schematic top view, and
FIGS. 31-32 are schematic cross-sectional views along lines
31-31 and 32-32 in FIG. 30, respectively.

As shown in FIG. 30, the doped regions 122, 124, and 126
are formed over or in the semiconductor layer 108 along the
Y direction perpendicular to the X direction in FIG. 30. The
doped regions 124 and 126 are formed in a portion of the
semiconductor layer 108 at a side (e.g. the left side) adjacent
to the gate structure G, and the doped region 122 is formed in
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aportion of the semiconductor layer 108 at another side (e.g.
the right side) of the gate structure G, and is also disposed
over a portion of the doped region 118, as shown in FIG. 31.

Herein, fabrication of the doped regions 122, 124, and 126
shown in FIGS. 30-31 can be formed by conventional high-
voltage MOS processes, and the doped regions 122 and 124
comprising dopants having the second conductivity type
opposite to the first conductivity type of the semiconductor
layer 108 may function as source/drain regions, and the doped
region 126 may comprise dopants of the first conductivity
type of the semiconductor layer 108. The portion of the semi-
conductor layer 108 covering the doped regions 124 and 126
may function as a well region of the first conductivity type.
FIG. 32 is a schematic perspective view of the semiconductor
device shown in FIGS. 30-31.

Therefore, fabrication of a semiconductor device 400 is
substantially completed, and the semiconductor device 400 is
a MOS transistor comprising a super-junction structure 330.
The super junction structure 330 is composed of a plurality of
separated doped regions 118 having a substantially rectangu-
lar configuration and a portion of the semiconductor layer 108
adjacent thereto. The doped regions 118 having the second
conductivity type may function as a drift-region of the semi-
conductor device 400, such that the semiconductor device
400 can sustain a high breakdown voltage.

In one embodiment, as the semiconductor layer 108 of the
semiconductor device 400 shown in FIGS. 30-32 has the first
conductivity type such as P-type, and dopants in the doped
regions having the second conductivity type are N-type
dopants, such that the semiconductor device 400 formed is a
PMOS transistor. Alternatively, in another embodiment, as
the semiconductor layer 108 of the semiconductor device 400
shown in FIGS. 30-32 have the first conductivity type such as
N-type, and dopants in the doped regions having the second
conductivity type are P-type dopants, the formed semicon-
ductor device 400 is a NMOS transistor.

When compared with the semiconductor device 10 shown
in FIGS. 1-2, thicknesses of the semiconductor layer 108 and
the doped regions 118 formed therein can be further increased
or reduced in the semiconductor device 400 shown in FIGS.
30-32 depending on designs such as driving currents, on-
resistances and breakdown voltages. Therefore, due to the
formation of the semiconductor layer 108 and the doped
regions 118 therein, without increasing the surface area ofthe
separated doped regions 118 in the super-junction structures
330 of'the semiconductor device 400, thicknesses of the semi-
conductor layer 108 and the doping regions 118 are increased
to increase the sum of the cross section of the doped regions
118 in the semiconductor layer 108, thereby increasing driv-
ing currents and reducing on-resistance of the semiconductor
device 400. In addition, a deep trench isolation (not shown)
may be formed in the semiconductor layer (e.g. the semicon-
ductor layer 108) of the semiconductor device 400 to sur-
round thereof. The deep trench isolation penetrates a portion
of the semiconductor layer 108, and is made of insulating
materials such as silicon dioxide that contacts the buried
insulating layer 106. Due to the formation of the deep trench
isolation, noises affecting the semiconductor device 400 can
be reduced and a latch-up effect in the semiconductor device
400 is thus prevented.

In another embodiment, the insulating layer 120 is not first
formed in the method shown in FIGS. 22-32 but each of the
openings 116' are filled with dielectric materials for an inter-
layer dielectric layer covering the gate structure G and the
semiconductor layer 108. The portion of dielectric material
filled in the openings 116' may thus function as the insulating
layer 120.
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Referring to FIG. 33, a schematic perspective view show-
ing another exemplary semiconductor device 400" is illus-
trated. The semiconductor device 400" is obtained by modi-
fying the semiconductor device 400 shown in FIG. 32. As
shown in FIG. 33, the semiconductor device 400' is formed
over a bulk semiconductor substrate, and the bulk semicon-
ductor substrate is provided as a semiconductor layer 108",
but not the SOI substrate 102 shown in FIG. 32. The other
components shown in FIG. 33 are the same as those shown in
FIG. 32, and can be formed by the methods shown in FIGS.
22-33, but not described again here. In these exemplary semi-
conductor devices, the doped region 118, the insulating layer
120 and the doped material layer 150 are merely formed in a
portion of the semiconductor layer 108', and a portion of the
semiconductor layer 108' surrounding the doped regions 124
and 126 may function as a well region having the first con-
ductivity type. The semiconductor device 400" shown in FIG.
33 may have the same performances as the semiconductor
device 400 shown in FIG. 32.

While the invention has been described by way of example
and in terms of the preferred embodiments, it is to be under-
stood that the invention is not limited to the disclosed embodi-
ments. On the contrary, it is intended to cover various modi-
fications and similar arrangements (as would be apparent to
those skilled in the art). Therefore, the scope of the appended
claims should be accorded the broadest interpretation so as to
encompass all such modifications and similar arrangements.

What is claimed is:

1. A semiconductor device, comprising:

a semiconductor layer having a first conductivity type;

a plurality of first doped regions separately and in parallel
disposed in the semiconductor layer along a first direc-
tion, wherein the first doped regions have a second con-
ductivity type opposite to the first conductivity type and
a rectangular top view;

a gate structure disposed over the semiconductor layer
along a second direction, wherein the gate structure cov-
ers a portion of the first doped regions;

a second doped region, disposed in the semiconductor
layer along the second direction and being adjacent to a
first side of the gate structure, wherein the second doped
region has the second conductivity type; and

a third doped region, formed in the semiconductor layer
along the second direction and being adjacent to a sec-
ond side of the gate structure opposing the first side,
wherein the third doped region has the second conduc-
tivity type, and the third doped region overlaps a top
surface of the plurality of first doped regions, wherein a
portion of the semiconductor layer contacts the first
doped region along the first direction, and the third
doped region overlaps the portion of the semiconductor
layer.

2. The semiconductor device as claimed in claim 1, further

comprising:

a bulk semiconductor layer; and

a buried insulating layer disposed over the bulk semicon-
ductor layer, wherein the semiconductor layer is dis-
posed over the buried insulating layer.

3. The semiconductor device as claimed in claim 1,
wherein the first conductivity type is P-type and the second
conductivity type is N-type.

4. The semiconductor device as claimed in claim 1,
wherein the first conductivity type is N-type and the second
conductivity type is P-type.
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5. The semiconductor device as claimed in claim 1, further
comprising an insulating layer disposed in a plurality of por-
tions of the semiconductor layer and is adjacent to one of the
first doped regions.

6. The semiconductor device as claimed in claim 1, further
comprising a doped material layer disposed in a plurality of
portions of the semiconductor layer and is adjacent to one of
the first doped regions.

7. The semiconductor device as claimed in claim 6,
wherein the doped material layer has the second conductivity
type.

8. The semiconductor device as claimed in claim 1,
wherein the first direction is perpendicular to the second
direction.

9. The semiconductor device as claimed in claim 1,
wherein the first doped regions and another portion of the
semiconductor layer adjacent thereto form a super-junction
structure.

10. A method for fabricating a semiconductor device, com-
prising the steps:

a. providing a semiconductor layer, having a first conduc-

tivity type;

b. forming an opening in a plurality of parallel and sepa-
rated portions of the semiconductor layer;

c. forming a first doped region in a portion of the semicon-
ductor layer adjacent to a side of the opening;

d. forming an insulating layer or a doped material layer in
the opening, wherein the doped material layer has a
second conductivity type opposite to the first conductiv-
ity type:

e: forming a gate structure over a portion of the semicon-
ductor layer, wherein the gate structure extends over the
semiconductor layer along a second direction perpen-
dicular to the first direction; and

f. forming a second doped region in a portion of the semi-
conductor layer at a first side of the gate structure, and a
third doped region in a portion of the semiconductor
layer at a second side opposite to the first side of the gate
structure, wherein the second doped region and the third
doped region have the second conductivity type, and the
third doped region overlaps a top surface of the first
doped region.

11. The method as claimed in claim 10, wherein the semi-
conductor layer is a portion of a bulk semiconductor sub-
strate.

12. The method as claimed in claim 10, wherein the semi-
conductor layer is a portion of a semiconductor-on-insulator
(SOI) substrate, and the SOI substrate further comprises a
bulk semiconductor layer and a buried insulating layer dis-
posed over the bulk semiconductor layer, and the semicon-
ductor layer is disposed over the buried insulating layer.

13. The method as claimed in claim 10, wherein the first
conductivity type is P-type and the second conductivity type
is N-type.

14. The method as claimed in claim 10, wherein the first
conductivity type is N-type and the second conductivity type
is P-type.

15. The method as claimed in claim 10, wherein the first
doped region and a portion of the semiconductor layer adja-
cent thereto form a super junction structure.

16. The method as claimed in claim 10, wherein step (e)
and step (f) are performed sequentially.

17. The method as claimed in claim 10, wherein the step (e)
is performed prior to the step (b), and the step (f) is performed
later than the step (d).

18. The method as claimed in claim 10, where the step (d)
is performed after the step (f), and the insulating layer is
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simultaneously formed during formation of an interlayer
dielectric layer covering the gate structure and the second and
third doped regions.

19. The method as claimed in claim 10, wherein the first
doped region has a substantially rectangular configuration
from a top view.

20. The method as claimed in claim 10, wherein the first
doped region is formed by a tilt-angle ion implantation pro-
cess.
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